We study a correspondence between f (R) model of gravity and a phenomenological kind of dark energy (DE), which is known as QCD ghost dark energy. Since this kind of dark energy is not stable in the context of Einsteinian theory of gravity and Brans-Dicke model of gravity, we consider two kinds of correspondence between modified gravity and DE. By studding the dynamical evolution of model and finding relevant quantities such as, equation of state parameter, deceleration parameter, dimensionless density parameter, we show that the model can describe the present Universe and also the EoS parameter can cross the phantom divide line without needs to any kinetic energy with negative sign. Furthermore, by obtaining the adiabatic squared sound speed of the model for different cases of interaction, we show that this model is stable.
The second group have accepted the relation of density of QCDGDE as a phenomenological model of dark energy and studied the dynamical evolution of it in Einstein and Brans-Dicke model of gravity [33, 34, 35, 36, 37, 38, 39, 40, 41] . The studies of the second group show that the dynamical evolution of this model is instable. This means that the QCD ghost dark energy model has to be study further. One can study the proposal of the first group and consider the gravitational effective field theory at low energy for some extra interaction or for some another cutoff for the size of the Universe (manifold). And the another possibility for studding this issue is based on the second group work with some extra degree of freedom or modify gravity. According to second group's view of point, we study QCDGDE model as a phenomenological model of dark energy in f (R) model of gravity.
As was mentioned earlier, modified gravity and DE model of gravity, are used for explaining the positive accelerating phase of the Universe and it is reasonable there are some correspondence between them. Based on this idea we separate some extra terms of modified gravity and define correspondence relation between it and a new kind of DE. Moreover, since there are some shortcoming in these models when anybody consider one of them alone, we studied a combination of modified gravity and dark energy model here. Therefore we assume the matter component of the action is consist of cold dark matter (CDM) 6 and dark energy. In fact, we combine the extra terms of modified gravity with dark energy part of matter component and equivalent it with QCD ghost dark energy. Finally, we numerically and analytically compute some quantities such as DE density parameter, squared adiabatic sound speed, equation of state and deceleration parameter of the model. This paper is organized as follows. In Sec. 2, we rewriting field equations on the f (R) model of gravity and obtain the equation of motions and conservation relation for density energy. In Sec. 3, we make an equivalence relation between f (R) model and GDE and obtain the relevant quantities of model such as, density parameter, squared adiabatic speed, EOS parameter and deceleration parameters. At last we summarize our work and give some discussion in Sec. 4.
Description and general properties of the model
The action of f(R) gravity with general matter is given by
Where f (R) is an arbitrary function of Ricci scalar, R, L m = L m (ψ, g µν ) is the matter Lagrangian, ψ is the matter field, g µν is the metric of spacetime and g is the determinant of metric. Here we have assumed 8πG = 1. Variation of (1) with respect of g µν gives
where prime represents the derivative with respect to the curvature scalar R, is the covariant d'Alembert operator ( ≡ ∇ α ∇ α ) and T m µν is the stress-energy tensor of matter which is defined by
The stress-energy tensor is covariantly conserved, this means that
Now we consider a homogeneous and spatially-flat space-time with FriedmannLemaître-Robertson-Walker (FlRW) line element
where a(t) is the scale factor. We will assume the Universe is filled out with perfect fluids. Then the stress-energy tensor may be given by
where ρ t and p t are the energy density and pressure of the fluids and u µ = (1, 0, 0, 0) is its normalized four-velocity in co-moving coordinates in which u µ u µ = 1. So by substituting (5) in to the right hand part of (4) and making use of (6), one can arrive aṫ
where we have used p t = ω t ρ t . To study the dynamics of DE model in the f (R) gravity, we consider a flat Universe with only two energy components; cold dark matter (CDM) and dark energy (DE), in which baryon is include in the CDM part 7 . This means
so, one can decompose (7) as
where Q is the direct interaction between two different components of matter. One can show that the action (1) is equivalent with [42] 
where f (φ) and Φ(φ) are the proper functions of a scalar field φ. So using f (R) = f (φ)R + Φ(φ), one can rewrite (2) as
where G µν is the Einsteinian tensor and
and
It is well known that ∇ µ G µν = 0, them from (12) we have ∇ µT µν = 0. Since, ∇ µ T m µν = 0, so we can obtain
The tt component of (15) and Eqs. (9) and (10) giveṡ
As already mentioned in the Introduction, we suppose ρ φ has the same as dark energy role in evolution of the Universe. So we can combine it with the dark energy part which is coming from the matter part (the right hand side) of Einstein equation, (2) . This means that we can rewrite (16 ), (17) and (18) as followsρ
where
The tt component of the gravitational equations (12), for the metric (5), can be simplified to
Using (23) we arrive aṫ
3 Dynamics of ghost dark energy
In this work we want to consider a correspondence between f (R) model of gravity and ghost dark energy. In the ghost model of dark energy, the energy density of dark energy is given by ρ d = αH where α is a constant with dimension [energy] 3 roughly of order of Λ 3 QCD , where Λ QCD ∼ 100 MeV is QCD mass scale [26] . 8 For this correspondences we have two choices as follows
• We define a correspondence relation as
Here ρ d and p d are density energy and pressure of ghost dark energy respectively. In this case the relation of conservation for matter and dark energy is the same as (20) and (21).
• Another possibility for a correspondence relation is
In this case the relation of conservation for matter and dark energy is as followsρ
in this case we have two different interactions. Q interaction is a direct interaction between CDM and DE and the other term is coming from the interaction between matter and geometry.
Dynamics of ghost dark energy for
Some observational data such as, observational of the galaxy cluster Abell A586, supports the interaction between DE and CDM [43] . Therefore in this section we study the direct interaction between DE and CDM and study the dynamical evolution of the model. So in (20) and (21), we assume Q = 0.
One can rewrite (23), (30) and (31) , in terms of dimensionless quantities as
are the dimensionless energy density of CDM and DE respectively andḟ = βf H. Using (32) and (33) we obtain
and substituting (34) into (35) we have
As well, based on the linear relation between ρ d and H, we have
Expressing (35) in terms of efolding-number x ≡ ln a, and making use (37) we have
Here, the equation of state parameter of the model versus Ω ed is
where Ω Q = Q/(3f Ω ed H 3 ) and deceleration parameter q = −1 −Ḣ/H 2 is
Also we can obtain the squared adiabatic sound speed of our model as
For getting better insight we consider the interacting GDE for three different forms of Q below.
In this case Ω Q = 3b 2 and Eq. (38) reduces to
and by integrating of it we find
where C 1 is the constant of integration and it is given by
and Ω ed 0 is the effective fraction of dark energy at the present time. Also Eqs. (39), (40) and (41) reduce to
where This means that this model can describe the positive accelerating expansion of the Universe and also it is stable. We solve numerically (43) and plot it in Fig. 1. Fig. 1a is the effective fraction of dark energy, Ω ed , versus efolding number, x = ln(a), and shows that at the early time Ω ed = 0 and the late time is saturated to 1. Also at the present time Ω ed = 0.8. Fig. 1b is the adiabatic squared sound speed versus Ω ed . It is obviously seen that at the present time namely for Ω ed = 0.8, c 2 s > 0, and then for this kind of interaction the model is stable.
Q = 3b 2 Hρ m
In this case Ω Q = 3b 2 (1 − Ω ed )/Ω ed and equation (38) reduce to
By solving (47) we have
where c 2 is the constant of integration and it is given by where Ω ed 0 is the value of effective density parameter of dark energy at the present time. And Eqs. (39) and (40) become
and the adiabatic square sound speed Eq. (41), is
. (51) We solved numerically Eq. (48) and plot it in Fig. 2 . Fig. 2a indicates the effective fraction of dark energy, Ω ed , versus efolding number, x = ln(a) for Q = 3b 2 Hρ m . This subfigure shows that the behavior of effective dimensionless parameter of dark energy is the same as Ω ed for Q = 3b 2 Hρ d . Fig. 2b indicate the adiabatic squared sound speed versus Ω ed in the case of Q = 3b 2 Hρ m . It is obviously seen that at the present time namely c 2 s > 0, and then for this kind of interaction the model is stable too. 
Q = 3b 2 Hρ t
In this case Ω Q = 3b 2 /Ω ed and equation (37) reduces to
By solving (50) we obtain
is the constant of integration. 
We solved numerically Eq. (53) and plot it in Fig. 3 . Fig. 3a indicates the effective fraction of dark energy, Ω ed , versus efolding number, x = ln(a) for Q = 3b 2 Hρ t . This subfigure shows that the behavior of effective dimensionless parameter of dark energy is the same as Ω ed in the two pervious subsection. Fig. 2b indicate the adiabatic squared sound speed versus Ω ed in the case of Q = 3b 2 Hρ t . This subfigure shows that at the present time namely c 2 s > 0, and then for this kind of interaction the model is stable too.
Dynamics of Ghost dark energy for
In this subsection dark energy is assumed to be without direct interaction with the matter part namely Q = 0 . So according to (29) dark energy interaction may be with geometry. However the conservation relation of energy is as (28) and (29), sȯ
In this case Eqs. (33) and (34) can be rewrite aṡ
Using Eqs. (32) and (59) one can obtain
By combining Eq. (60) with Eq. (61), we have
Hence one can achieve in an expression for Ω ed in terms of efolding-number x ≡ ln a, as
By solving (63) we have
where ξ = 3 − β and c is the constant of integration. Eventually, in this case, the expression of the EoS, ω d , of DE versus Ω ed is specified as follows
and deceleration parameter is as
At last, we can find the squared adiabatic sound speed of the model as follows
The numerical results of Eq. (64) and Eq. (67) is plotted in Fig. 4 . In this case we don't have any direct interaction between CDM and DE. This figure shows that the effective dimensionless energy density of dark energy is started from 0 at the early time and increased to asymptotic value, 1 at late time. Fig. 1b indicates the adiabatic squared sound speed versus Ω ed and shows that at the present time, Ω ed = 0.8, c 2 s is positive. So as was expected, the model is stable in this case too.
Data fitting
In this Section we use the 557 Uion II sample dataset of SnIa[], to find the best-fit forms of our model. We consider a model which includes dark energy, cold dark matter (CDM), baryon (B) and radiation (R) in a flat FLRW universe. For simplicity we write the energy density of baryon and cold dark matter together as Ω m = Ω CDM + Ω B . Also, since at present time the dimensionless energy density of radiation is very small compared to Ω m , we neglect Ω R . Therefore in this case the Friedmann equation is figure  5 we show a comparison between theoretical distance modulus and observed distance modulus of supernova data. The red-solid line indicates the theoretical value of distance modulus, µ th , for the best value of free parameters (table 1) . This figure show a reasonable result.
Conclusion
We investigated two kinds of equivalence between f (R) model of gravity and an phenomenological kind of dark energy so-called ghost dark energy whose energy density is proportional to Hubble parameter. We studied the interacting and non interacting case of model in a flat FLRW background. For getting better results, we consider three kinds of interaction between matter and dark energy. The obtained results for equation of state and deceleration parameter, show that the model can describe the accelerating expansion phase of the Universe and also ω d can cross the line ω d = −1 from quintessence to phantom model for all cases of model with/without interaction. Also by obtaining the numerical results for effective dimensionless energy density of dark energy, Ω ed , we find that Ω ed is started from 0 at the early time and saturated to its asymptotic value, 1, at late time. We further studied the dynamical evolution of the model by considering the adiabatic squared sound speed. This quantity is obtained for all cases of interaction and without interaction. Our investigation show that the adiabatic squared sound speed can be positive and then the model can be stable by a suitable choice of parameters.
Also we fitted this model with supernova observational data in a non interaction case. In this case the best values of parameter of the model are f 0 = 0.958 At last, we conclude that the dynamical behavior of the model for two different correspondence relations, also for all interactions/non interaction cases have the same behavior. This model is stable and can describe the present Universe.
